We review results obtained by the BRAHMS experiment at the Relativistic Heavy Ion Collider (RHIC) for the systems of Au+Au and Cu+Cu colliding at √ s N N = 200 GeV and at 62.4 GeV, and p+p colliding at √ s N N = 200 GeV. The observed number of charged particles produced per unit of rapidity in the central rapidity region indicates that a high energy density system is produced at the initial stage of the Au+Au reaction. Analysis of anti-particle to particle ratios as a function of rapidity and collision energy reveal that particle populations at the chemical freeze-out stage for heavy-ion reactions at and above SPS energies are controlled by the baryon chemical potential. We present rapidity dependent p/π ratios within 0 < y < 3 for Au+Au and Cu+Cu at √ s N N = 200 GeV. The ratios are enhanced in nucleus-nucleus collisions as compared to p+p collisions. The particle ratios are discussed in terms of their system size and rapidity dependence. We compare R AA for Au+Au at √ s N N = 200 GeV and at 62.4 GeV, and for Au+Au and Cu+Cu at √ s N N = 62.4 GeV. R AA is found to increase with decreasing collision energy, decreasing system size, and when going towards more peripheral collisions. However, R AA shows only a very weak dependence on rapidity (for 0 < y < 3.2), both for pions and protons.
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Introduction
Reactions between heavy nuclei provide a unique opportunity to produce and study nuclear (hadronic) matter far from its ground state, at high densities and temperatures. From the onset of the formulation of the quark model and the first understanding of the nature of the binding and confining potential between quarks about 30 years ago, it has been realized that at very high density and temperature, hadronic matter may undergo a transition to a more primordial form of matter. This proposed state of matter named the quark gluon plasma (QGP) 1 , is characterized by a strongly reduced interaction among its constituents, quarks and glu- 7, 8, 9, 10 . This discovery changed our view on the properties of the very early universe. BRAHMS (Broad RAnge Hadron Magnetic Spectrometers) 11 , consists of set of detectors designed to measure global features of the collision like overall charged particle multiplicity and the flux of spectator neutrons, and of two spectrometer arms that provide the measurement of the full particle fourmomentum vector. By rotating the arms within the small (from 2 to 30 degree) and large particle emission angles (from 30 to 90 degree) BRAHMS is able to study the properties of the produced medium as a function of its longitudinal expansion. The BRAHMS White Paper 10 provides thorought discussion of the main results obtained by the collaboration untill 2005.
Overall bulk charakteristics
The multiplicity distribution of emitted particles is a fundamental observable in ultrarelativistic collisions. It is sensitive to all stages of the reaction and can address issues such as the role of hard scatterings between partons and the interaction of these partons in the high-density medium 12, 13, 14 . For central collisions at √ s N N = 200 GeV we observe about 4500 charged particles within the rapidity range covered by the detection system and dN ch /dη | η=0 = 625 ± 56. The latter value, if scales with the number of participant pairs, exceeds the particle production observed in elementary p+p collisions at the same energy by 40 -50% 15 . This means that nucleus-nucleus collisions at the considered energies are far from being a simple superposition of elementary nucleonnucleon collisions.
The measurement of charged particle density dN ch /dη can be used to estimate the so-called Bjorken energy density, ε 16 . The results obtained from identified particle abundances and particle spectra mea- All of these values significantly exceed the predicted energy density ε ≈ 1 GeV/fm 3 for the boundary between hadronic and partonic phases of nuclear matter 18 .
Hadrochemistry with BRAHMS data
BRAHMS measures anti-particle to particle ratios for pions, . It is seen that the data are very well described by the statistical model over a broad rapidity range with the baryon chemical potential changing from 27 MeV at mid-rapidity to 140 MeV at the most forward rapidities. Using simple statistical models at the quark level with chemical and thermal equilibrium, the ratios can be written 
1/4 (dashed line) which can be derived from eqs. (1) assuming
Recently, STAR and NA49 have measured mid-rapidity ratiosΛ/Λ,Ξ/Ξ andΩ/Ω versus Np/N p for a set of energies from √ s N N = 10 GeV up to √ s N N = 200 GeV. These preliminary results can also be well described within a statistical model of chemical and thermal equilibrium at the quark level and confirm the strong correlation between µ s and µ u,d derived from BRAHMS data.
Baryon to meson rations
With its excellent particle identification capabilities, BRAHMS can study the p T and y dependence of hadron production. Preliminary results 21, 22 indicate that for Au+Au reactions in the intermediate p T region the proton to meson ratio is significantly higher than one would expect from the parton fragmentation in vacuum process. increase of thep/π − ratios as a function of N part in the range 0 < N part < 60. For N part > 60 the dependence starts to saturate and the ratios reach values of about 0.6 and about 0.25 for central collisions at midand forward rapidities, respectively. These values exceed the respective values measured in p+p collisions by more than a factor of 2. For peripheral Au+Au collisions the data approach the p+p results. It is important to note that the Au+Au and Cu+Cu ratios are consistent with each other when plotted versus N part , indicating that thep/π − ratio is controlled by the initial size of the created systems. The observed enhancement in central collisions is consistent with the inmedium parton recombination process which seems to be very efficient mechanism in forming particles at intermediate p T (2-3GeV/c) . The same mechanism would also generate more protons at intermediate p T , since the momentum of protons would be the sum of momenta of three partons in constrast to the two required to form a meson 25, 26 .
High p T suppresion
Particles with high p T (above 2 GeV/c) are primarily produced in hard scattering processes early in the collision. In high energy nucleon-nucleon reactions hard scattered partons fragment into jets of hadrons. However, in nucleus-nucleus collisions hard scattered partons might travel in the medium. It was predicted that if the medium is a QGP, the partons will loose a large fraction of their energy by induced gluon radiation, effectively suppressing the jet production 27 . Experimentally this phenomenon, known as jet quenching, will be observed as a depletion of the high p T region in hadron spectra.
We will present results on medium modification through the nuclear modification factor, R AA , defined as the ratio of the particle yield produced in nucleus-nucleus collision, scaled with the number of binary collisions (N coll ), and the particle yield produced in elementary nucleon-nucleon collisions:
4.1. R AA evolution on collision centrality and collision energy Summarizing the whole set of observations we conclude that the level of suppression of the inclusive hadron spectra produced in nucleus-nucleus collisions at RHIC energies in the p T range above 2 GeV/c increases with increasing collision energy, collision centrality and with the size of the colliding nuclei. The dependency on the last two variables can be replaced by only one dependency on N part 28 .
4.2. R AA for identified hadrons at forward rapidity for Au+Au at √ s N N = 200 GeV Figure 4 shows the nuclear modification factors found for (π + + π − )/2 (left panel) and (p +p)/2 (right panel), respectively, at y ≈ 3.2, for central Au+Au reaction 29 . For the comparison we also show the R AA values measured by the PHENIX Collaboration at mid-rapidity. The R AA measured for pions shows strong suppression (by factor of about 3 for 2 < p T < 3 GeV/c), both at midand at forward rapidity. The consistency between mid-and forward rapidity is seen also for protons, but in this case, R AA reveals a Cronin peak around p T = 2 GeV/c. The similarity between R AA at mid-and forward rapidity observed simultaneously for pions and protons suggests that the same mechanisms are responsible for the nuclear modifications within the studied rapidity interval. Recently, these data have been used to obtain information about the spacial configuration of the deconfined medium by applying perturbative QCD and GLV models 30 . In the proposed picture, at y ≈ 3, the shorter length of the medium traversed by hardly scattered partons is compensated by larger shadowing effects thus leading to weak dependency of R AA on rapidity as observed experimentally.
Summary
The results from BRAHMS and the other RHIC experiments clearly show that studies of high energy nucleus-nucleus collisions have moved to a qualitatively new physics domain. shows very weak dependence on rapidity (in 0 < y < 3.2 interval), both for pions and protons.
Acknowledgment
This work was supported by the Office of Nu- 
